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Abstract 
We review the research progress on Yagi-Uda antennas starting from the very first paper published in an English 
journal in 1926, including theories, numerical simulations, and experiments. In this article, the typical endfire 
antennas, Yagi-Uda and quasi-Yagi antenna, are reviewed. Many variant structures of the endfire antenna and how to 
improve bandwidth are also discussed. Finally, we presnet the further work about planar endfire antennas, Yagi-Uda 
and quasi-Yagi antenna. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Early development 
The Yagi-Uda antenna was developed by H. Yagi and S. Uda and it was published in English in the 
Proceedings of the Imperial Academy in Japan in February 1926 [1], until 1928 this paper was credited 
with bringing the concept of the Yagi-Uda antenna to the world audience.  The basic Yagi-Uda array 
antenna consists of a parallel set of linear dipole radiators. The leftmost element is slightly larger than 
resonant length and is called reflector. The next element is a dipole element with a feed line. The 
rightmost elements are slightly less than resonant length and are called directors. The space between 
elements is about λλ 3.02.0 − . In Yagi-Uda antenna, only one element is directly driven. The radiation is 
predominantly to the right of the array and along the axis of the antenna. Yagi-Uda antenna is easy to 
achieve dBdB 2010 − gains. 
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A conventional Yagi-Uda Array consists of a number of linear dipole element with one of these 
elements energized directly by a feeding transmission line while the others act as parasitic radiators 
whose current are induced by mutual coupling (Figure.1). The following guidelines are followed to 
obtained end-fire beam formation. The parasitic elements in the direction of the beam are smaller in 
length than the feed element ( dridir LL < ). As a design standard, the driven element resonates with a 
length less than λ5.0 , usually from λλ 49.045.0 − , whereas directors have lengths on the range from 
λλ 45.04.0 − . The dirctor do not require all being of same length and diameter. The separation between 
director ( dirS ) ranges from λλ 4.03.0 − and does not need to be uniform between elements to achieve 
adequate operation. The length of the reflect is greater than that of the feed element ( dirref LL > ). The 
separation between the driven element and the refector ( refS ) is smaller than the spacing between the 
driven element and the nearest director ( dirS ), presenting optional size for refS of  λ25.0 .
Fig. 1. Yagi-Uda antenna 
 The Yagi-Uda array antenna has the important practical advantage that a complex feed network is not 
required, only a single element is directly fed. In addition, the elements may be as simple as wires, rods or 
thin metallic tubes. So the Yagi-Uda array is popularly used in the application for radio beacons, radio 
links, and early radar systems in United States and Europe. It is ironical history in 1942, when the 
Japanese army invaded Singapore, they discovered that the Yagi-Uda array was being used as a radair 
antenna by the British army. This interesting story was told from a first-person perspective by Prof. G. 
Sato in [2].  
2. Recent advances 
More recent work has shown that microstrip antennas can be configured in a Yagi-Uda configuration 
for low-angle satellite reception for mobile communications [3]. John Huang proposed a new antenna 
structure that is formed by combining the Yagi-Uda array concept and the microstrip radiator technique. 
This antenna, called the microstrip Yagi array antenna, is a low-profile, low-cost, and mechanically 
steered medium-gain land-vehicle antenna. The microstrip Yagi array antenna consists of a single driven 
element patch, a single parasitic reflector patch, and two or three director patches. The beam peak of this 
array, due to the effect of mutual coupling and Yagi-Uda principle [4], can be tilted away from the 
broadside direction and toward the direction of the director patches. In the microstrip Yagi array, the 
electromagnetic energy is coupled from the driven patch to the parasitic patches not only through space 
but also by surface waves in the substrate. In order for the microstrip patches to function similarly to the 
Yagi dipoles, the adjacent patches need to be placed very closely to each other so that a significant 
coupling can be obtained through surface waves in the substrate. Although the configuration and coupling 
mechanism of the microstrip Yagi array and dipole Yagi antenna are different, the design rules for these 
two types of Yagi are very similar. Perhaps the only major problem of the entire class of antennas is their 
seeming inherent narrow bandwidth. The most usual method of increasing the bandwidth is simply to 
increase the thickness of the dielectric substrate between the radiator and the ground plane. Many 
2118  Yuanhua Sun et al. / Procedia Engineering 29 (2012) 2116 – 2121 Sun Yuanhua/ Procedia Engineering 00 (2011) 00 –000 3
techniques exhibiting significant bandwidth increase have been reported. Finally, we provide a 
perspective discussion of the significant chanllenges still lying ahead in this research field.  
3.  Planar structures 
3.1. The Qusi-Yagi Antenna 
Kaneda [5] proposed a coplanar-stripline-fed printed Yagi-Uda antenna with the reflector element 
printed on the back of a thick and low-permittivity slab at 60GHz. Some types of planar Yagi-Uda 
antenna that are well suited to microwave and millimeter wave frequencies. Recently, many novel 
uniplanar Quasi-Yagi antennas that have both the compactness of resonant-type antennas and broadband 
characteristics of travelling-wave radiators have been proposed. Qian et al. [6] proposed a microstrip-to-
coplanar strip transition and used the truncated microstrip ground plane as its reflecting element (Fig. 2a). 
An X-band prototype exhibits a measured bandwidth of 17% and 6.5dB gain. Kaneda et al.[7] proposed a 
microstrip-to-waveguide transition utilizing coplanar strips to design quasi-Yagi antenna, and their X-
band transition demonstrates about 40% bandwidth. The Yagi-Uda dipole array type of antenna is 
realized on a high dielectric constant substrate with a microstrip feed. Unlike the traditional Yagi dipole 
design, the truncated microstrip ground plane is employed as a refecting element, thus elimiting the need 
for a reflector dipole. This results in a very compact design ( 20λ<  by 20λ ), which is totally 
compatible with any microstrip-based MMIC circuitry.  Kaneda et al. [7] presented further information on 
the design and performances of broadband Quasi-Yagi antenna, this antenna achieved extremely broad 
bandwidth (measured 48% for VSWR < 2).   
Kretly et al. [8] proposed a quasi-Yagi patch antenna that consists of changing the traditional dipole 
driver element to a pair of planar patch elements. The patches were designed with length equal to half a 
dipole driver and the width equal to the length acquiring a square form. This planar quasi-Yagi antenna 
was demonstrated by Kretly at 2.2GHz and a squar structure with patches as driver, which achieve wide 
frequency bandwidth, 42%, measured at the patch driver. The antennas should have wide applications in a 
great variety of wireless systems, such as power combining and phase arrays. 
Weinmann [9] presented a planar antenna array based on nine identical quasi-Yagi elements. Feeding 
networks were carefully designed in order to provide synchronized output signals over a wide frequency 
range. The input return loss of the antenna array is better 15dB over most parts of the relevant spectrum, 
with a total bandwidth of 45%. The planar antenna array is well suited as a radiating element in linear 
phased arrays for multifunction radars, including SAR and MTI, and other applications requiring a large 
scan angle. Additionally the suitability of this antenna for phased-array applications is studied by an 
experimental set consisting of five antenna plates. So far the printed quasi-Yagi antennas have been 
mostly realized on high dielectric constant substrates with moderate thickness in order to excite the 0TE
surface wave along the dielectric substrate. Nasiha [10] used an additional director and a reflector was 
used to increase the gain of the antenna (Fig. 2b). However, the achieved bandwidth of the antenna is 
quite narrow (about 3-4%) compared to the bandwidth of a quasi-Yagi antenna fabricated on a high 
dielectric constant substrate [11].  Another disadvantage of a conventional quasi-Yagi antenna fabricated 
on a low dielectric constant substrate is that the length of the dirver is increased and it is difficult to 
achieve 05.0 λ  spacing between the elements required for scanning arrays, where 0λ  corresponds to a 
free-space wavelength at the center frequency of the antenna.  
Generally the folded dipole has better bandwidth characteristics than a single half-wavelength dipole 
[12] , which leads to improved bandwidth. The input impedance of an isolated folded dipole is a function 
of the relative width of the driven and parasitic conductors and may be varied in the range of 
approximately 70-280Ω . This property gives the new element more design flexibility compared to the 
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standard half-wavelength dipole configuration and allows the use of a wider range of characteristic 
impedances for the feed network. Compared to a standard half-wavelength dipole, the length of a folded 
dipole may be reduced by varying the width of the joining strips and therefore this element is more 
suitable for applications requiring arrays of closely spaced quasi-Yagi antennas. Mutual coupling between 
the folded dipole quasi-Yagi antennas is also shown to be low for typical element spacings. 
There are also several structures of elements for quasi-Yagi antenna (Figure.2).  Eldek [13] presented 
the printed lotus antennas with modified balun that provides 57% bandwidth for VSWR<1.5, and 60% 
with respect to VSWR<2. Eldek [14] presented the printed rhombus antennas that exhibits the bandwidth 
ranging from 5.7GHz to 17.5GHz, which covers 57.5% of the C-band, 100% for the X-band, and 88.3% 
for the Ku band. These results make this antenna an excellent candidate for ultra wideband and phased-
array applications. 
                               
                a                                                      b                                                  
Fig. 2.  (a) Schematic diagram of Quasi-Yagi antenna fed by microstrip-to-CPS transition 
 (b) Configuration of the folded dipole antenna 
3.2.  Feeding networks for quasi-Yagi antenna 
The basic Yagi antenna does not need complicated feed network and it can be directly connected to the 
coaxial line. The printed antennas are generally economical to produce, since they exhitit a very low 
profile, small size, lightweight, low cost, and high efficiency, and are easy to install. More and more 
planar quasi-Yagi antennas are used in RF and microwave frequencies. However, the planar quasi-Yagi 
antenna does not have wide bandwidth, while its improved version with modified feeding network can 
achieve excellent bandwidth. Kaneda et al. proposed an approach to realize a Yagi-Uda dipole array fed 
by a mcirostrip-to-coplanar stripline (CPS) transition on a single layer PCB substrate. Within this antenna 
configuration, the transition feeding network plays an important role in the overall antenna performance. 
Many researchers have investigated techniques to improve the antenna’s bandwidth, and reduce its size 
to fit in the new wireless tools, such as PDAs, cell phones, and RFID. A probe-fed E-shaped patch 
antenna achieved a bandwidth of more than 30% with high directivity, but the antenna itself was quite 
large in size and it required a much larger ground plane to suppress the backside radiation and to provide 
the claimed bandwidth. Very good bandwidths, ranging from 57% to 70%, were achieved in [15], [16], 
[17].  However, all of these antennas decreased directivity and gain. In addition, high cross polarization 
levels and a narrow beamwidth were produced by these antennas. Qian et al. [18] proposed an improved 
approach for realizing an efficient microstrip-to-coplanar strips (CPS) transition, by employing a 
symmetric and optimized T-junction for signal dividing/combining, and using optimal miters for 90-
degree microstrip bends. The improvement in the performance of transition is significant. The 3-dB 
insertion loss bandwidth is measured to be 68% for a balanced back-to-back microstrip-to-CPS transition, 
and the VSWR is below 2 within the whole useful bandwidth. An additional advantage of this new 
transition is that it has simpler design criteria in comparison with previous structures because of the use of 
a symmetric T-junction. In [16], the developed quasi-Yagi radiator was applied to microstrip-to-
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waveguide transition design. A bandwidth of 35% with return loss better than 12dB has been achieved 
and the insertion loss is about 0.3dB at the center frequency of the X-band prototype. This quasi-Yagi 
antenna consists of two dipole antennas, a truncated ground plane, and a microstrip-to-CPS balun. The 
CPS antenna has the coupled microstrip line input. The coupled microstrip line is connected to the CPS 
line with different strip widths. Since the CPS line does not support the even mode, it acts as an open end 
for the even mode of the coupled microstrip line, and enables us to suppress the undesired mode excited 
in the coupled microstrip line. The CPS line is connected to the printed dipole antenna that has a length of 
approximately 2dλ  where ( )12 0 += rd ελλ  and positions approximtately 4dλ  away from the 
reflector (truncated ground plane).  
In [19], Zhang et al. presented an approach of designing broadband Quasi-Yagi dipole antenna using 
substrate integrated waveguide (SIW) techniques. The antenna configuration involves a newly proposed 
broadband microstrip-to-broadside parallel stripline transition and two-element printed quasi-Yagi array. 
The proposed transition was constructed with the SIW scheme, which can achieve a broadband 
performance and offer several advantages over other counterparts, such as low insertion loss, good design 
tolerance and compact circuit size at the millimetre wave range.  One major characteristic of the proposed 
transition is that the balanced line is created by geometric features, not by frequency sensitive structures. 
By using the proposed transition as the feeding network for printed quasi-Yagi antenna, this antenna 
configuration can be easily adapoted to millimetre wave applications with a conventional low-cost PCB 
fabrication process. The design concept has been validated by a design example for K-band operation. 
The measured input return loss of the Quasi-Yagi antenna is better than 10dB with an impedance 
bandwidth as wide as 14GHz (20GHz to 34GHz), or 51%. Finally, to further demonstrate the 
performance of the proposed quasi-Yagi antenna , an array has also been designed and measured.         
4. Conclution      
 In this article, structures of Yagi-Uda antenna and quasi-Yagi antenna have been reviewed. It is 
known that when introducing a balun, the endfire antenna would work over a wide frequency range or 
ideally be frequency independent.  In the future, use of these antennas as elements of a phased array 
system may be made and the array performance as well as each individual element’s behaviour may be 
characterized. Investigation on the location of the E and H-plane phase center over the entire antenna 
surface as opposed to only along its axis may also be conducted. Suitable techniques to reduce the cross-
polarization levels of these antennas may also be suggested.  
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